Effect of environment, conformation, sequence and base substituents on the imino proton exchange rates in guanine and inosine-containing DNA, RNA, and DNA-RNA duplexes.
High-resolution 1H nuclear magnetic resonance in H2O has been used to study the effect of sequence, conformation, environmental factors and base substituents on the exchange behavior of the hydrogen-bonded imino protons of guainine X cytosine and inosine X cytosine base-pairs in DNA, RNA, and DNA-RNA duplexes. The exchange rates were determined by measurement of the spin-lattice relaxation rates of the imino protons as a function of temperature. The exchange was not altered by the presence of high concentrations of salt, and the inability of phosphate to catalyze the exchange indicates that the exchange is limited by formation of a solvent-accessible "open" state. The exchange behavior depends on the duplex conformation and sequence. Exchange from the Z form polymers was orders of magnitude slower than the corresponding duplexes in the B conformation, and the A form RNA duplexes exchanged more slowly than the B form DNA polymers with the same sequence. The exchange behavior of the DNA-RNA hybrids was dependent on whether the purine or the pyrimidine strand contained the deoxyribose sugar. For both the guanine and inosine-containing duplexes, the homopolymer duplexes exchange more slowly than the more stable alternating copolymers. For the alternating duplexes, substitution of cytosine with 5-bromo- or 5-methylcytosine slowed the exchange and increased the activation energy for exchange. The inosine-containing duplexes exchanged more rapidly than the guanosine-containing duplexes, but both showed similar changes in exchange behavior in response to changes in sequence and base substituents. The activation energies for base-pair opening in B form DNA are correlated with the van der Waals contribution to the base-base interaction energy, suggesting that the purine base is partially unstacked in the open state. Using the relaxation measurements to set an upper limit on the exchange rate in poly(dG-dC) and the tritium exchange behavior at low temperature, we find that even though Z-DNA exchanges very slowly, the activation energy is similar to that observed in the A and B form duplexes, suggesting that exchange occurs from a similar open state.